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Comparable Postprandial Glucose Reductions with Viscous Fiber Blend 
Enriched Biscuits in Healthy Subjects and Patients with Diabetes Mellitus: 
Acute Randomized Controlled Clinical Trial
Aim To compare the blood glucose-lowering effect of a highly viscous 
fiber blend (VFB) added to a starchy snack on postprandial glycemia 
between healthy participants and participants with diabetes mellitus.
Methods Ten healthy participants (4 men and 6 women, aged 28 ± 2.6 
years, body mass index [BMI], 24.3 ± 0.8 kg/m2) and 9 participants 
with diabetes mellitus type 2 (3 men and 6 women, aged 68 ± 3.8 years, 
BMI 28.8 ± 1.2 kg/m2) on four separate occasions took either 50 g 
available carbohydrates as control biscuits, biscuits with 10 g of highly 
viscous fiber blend, white bread with 12 g of margarine, or white bread 
alone. Postprandial blood glucose response, glycemic index (GI), and 
palatability were determined.
Results Mean (95% confidence interval) GI values of the viscous fi-
ber blend biscuits were 26 (16-36) and 37 (27-47) GI units for healthy 
participants and participants with diabetes mellitus, respectively. These 
values were significantly lower than those of white bread, white bread 
with 12 g of margarine, and control biscuits (P < 0.001, paired t test) 
both in healthy participants (GI 100, 108 [57-159], and 101 [44-158], 
respectively) and participants with diabetes mellitus (GI 100, 103 [79-
127], and 94 [78-110], respectively). Viscous fiber blend significantly 
reduced the glycemic index by 74% (7.4 GI units/g of fiber) in healthy 
participants and by 63% (6.3 GI units/g of fiber) in participants with 
diabetes. The GI did not differ between control meals in both healthy 
participants and participants with diabetes. There were no significant 
differences in palatability among the types of meals, although partici-
pants with diabetes found the viscous fiber blend biscuits more palat-
able (P = 0.002, t test).
Conclusion Viscous fiber blend is a very potent and palatable soluble 
fiber addition to a starchy snack, which is able to reduce the glycemic 
response to a similar extent in both healthy participants and individu-
als with diabetes mellitus. Biscuits with low GI, and possibly other 
viscous fiber blend fortified starchy foods, may potentially be a useful 
replacement of high GI snack foods in the diet.
ClinicalTrials.gov trial registration number: NCT00728143.
1Clinical Nutrition and Risk Factor 
Modification Center, St. Michael’s 
Hospital and Li Ka Shing Knowledge 
Institute, Toronto, Ontario, Canada
2Department of Nutritional Sciences, 
Faculty of Medicine, University of 
Toronto, Toronto, Ontario, Canada
3Department of Medicine, Faculty 
of Medicine, University of Toronto, 
Toronto, Ontario, Canada
4Division of Endocrinology and 
Metabolism, St. Michael’s Hospital, 
Toronto, Ontario, Canada
5Dubrava University Hospital, 
Division of Endocrinology, 
Diabetology, and Metabolic 
Disorders, School of Medicine, 
University of Zagreb, Zagreb, Croatia 
Alexandra L. Jenkins1, David J.A. Jenkins1-4, Thomas M.S. Wolever1-4, Alexander L. 
Rogovik1, Elena Jovanovski1, Velimir Božikov5, Dario Rahelić5, Vladimir Vuksan1-4
Vladimir Vuksan 
Departments of Nutritional Sciences and 
Medicine 
Faculty of Medicine, University of Toronto 
Clinical Nutrition and Risk Factor Modification 
Center 
St. Michael’s Hospital and Li Ka Shing 
Knowledge Institute 
70 Richmond St. E. 
Toronto, Ontario, M5C1N8, Canada 
v.vuksan@utoronto.ca
>  Received: August 11, 2008
>  Accepted: October 22, 2008
>  Croat Med J. 2008;49:772-82
>  Correspondence to:
772 www.cmj.hr
>  doi: 10.3325/cmj.2008.49.722
Public Health
Jenkins et al: Viscous Fiber Blend Biscuits and Glycemia
773
Despite significant achievements in treatment 
modalities and preventive measures, the inci-
dence of diabetes mellitus has been exponen-
tially increasing (1). Reduction in both fast-
ing and prolonged postprandial glycemia is of 
paramount importance in the disease preven-
tion and the delay of diabetic complications 
(2-5). Blood glucose concentration can be re-
duced by dietary means and may be influenced 
by factors such as type and amount of carbo-
hydrate, nature of starch, quantity of pro-
tein and fat, dietary fiber content, method of 
food processing, particle size, and food form 
(2). Foods with a low glycemic index, such as 
beans, lentils, and chickpeas, as opposed to 
highly refined foods with high glycemic index, 
including white bread, biscuits, or breakfast 
cereals, will slow absorption of glucose from 
the diet. Prospective studies have shown that 
people consuming diets with a lower glycemic 
index are less likely to develop diabetes com-
pared with those with a high glycemic index 
diets (6,7). Glycemic index is a measure of the 
blood glucose-raising ability of the available 
carbohydrate in foods and is proposed as an 
additional tool in the management of diabetes 
(2). Although evidence is not conclusive (8) 
and individual differences occur, many pro-
spective studies and clinical trials have shown 
that low-glycemic index diets may reduce the 
risk of developing diabetes and cardiovascu-
lar disease, improve glycemic control in dia-
betes, increase insulin sensitivity, and regulate 
body weight (3-5). In some countries, includ-
ing the United Kingdom and Australia, nutri-
tional advice for people with diabetes specifi-
cally promotes the consumption of foods with 
a low glycemic index (9). The World Health 
Organization concluded that low glycemic in-
dex diets are a possible factor in helping to re-
duce the risk of type 2 diabetes mellitus and 
obesity (10). High postprandial plasma glu-
cose level can increase severity of diabetes 
mellitus (3) and it is generally agreed that the 
foods which do not raise the blood glucose 
level greatly, at least for a given carbohydrate 
content, are most suitable for individuals with 
type 2 diabetes mellitus (8). Lower postpran-
dial glycemia or consumption of low glycemic 
index foods may also be of benefit for healthy 
individuals.
Similarly, high fiber diets have been recom-
mended for the general population (11) and 
for the nutritional management of patients 
with type 2 diabetes mellitus (8). Soluble di-
etary fiber retards digestion and absorption of 
the associated dietary carbohydrate, thus flat-
tening the postprandial rise in plasma glucose 
and insulin concentrations (12). Some foods, 
like beta-glucan fiber-containing oats and 
barley and soluble fiber isolates such as pec-
tin, guar, psyllium, or glucomannan, added to 
starchy foods, due to a high level of viscosity, 
have the greatest blood glucose- or glycemic 
index-lowering effect (13). Fiber itself does 
not have a glycemic index value as it does not 
contain any available carbohydrate, but the 
addition of fiber to carbohydrate-containing 
foods can affect the glycemic index of the food. 
To quantify this effect, the measuring of Gly-
cemic Reduction Index Potential (GRIP) has 
been proposed. GRIP predicts the reduction 
in glycemic index units/gram of fiber, which 
is to be expected when fiber is added to a food 
(14). For example, the GRIP of beta-glucan fi-
ber from oats was found to be 4, ie, 1 g of add-
ed beta-glucan will reduce the glycemic index 
of various starchy foods by 4 glycemic index 
units (14).
The highly viscous fiber blend added to the 
studied biscuit formulation is a blend of com-
plementary highly viscous soluble fibers (poly-
saccharides) that act synergistically to devel-
op an induced viscosity that is several times 
higher than the viscosity of any other known 
fiber in nature, including viscosity of the indi-
vidual fibers in the viscous fiber blend formu-
lation. One of the main components of the 
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viscous fiber blend is glucomannan, a glucose-
mannose polysaccharide obtained by grind-
ing the tuber root of Amorphophallus Kon-
jac C. Koch, a plant that has been used as food 
and remedy for thousands of years in the Far 
East. Highly refined glucomannan is approxi-
mately 3 times more viscous than guar and ap-
proximately 7 times more viscous than psylli-
um or pectin. The viscosity of the viscous fiber 
blend is further amplified by the combination 
of soluble fibers to a viscosity 3-5 times higher 
than glucomannan alone (15). Earlier research 
has shown that the higher viscosity in vitro di-
rectly corresponded to lower blood glucose 
(15,16). Supplementation of the diet with vis-
cous fiber blend demonstrated reductions in 
blood lipids, systolic blood pressure, and im-
provements in long-term blood glucose regula-
tion in type 2 diabetes mellitus and metabol-
ic syndrome participants (17,18). Although 
these results were encouraging, they were con-
fined to a research setting only, as viscous fi-
ber supplements were not readily available 
and translation into practical applications was 
therefore limited. However, recently interest 
in supplementation has re-emerged as com-
mercially produced, viscous fiber products are 
again emerging in use. Whether this particular 
viscous fiber blend could potentially be bene-
ficial for others besides those with diabetes is 
unknown.
Twenty years ago we conducted a study 
with the aim to investigate whether viscous fi-
ber blend incorporated into a common snack 
food would reduce the postprandial blood glu-
cose response equally in healthy participants 
and individuals with type 2 diabetes mellitus. 
This question seems especially relevant today 
in light of the ever increasing burden of diabe-
tes worldwide (1) and where readily available, 
high-fiber, low-glycemic index snack foods 
may therefore be a useful addition to the ar-
mamentarium for the treatment and preven-
tion of disease.
Subjects and methods
Subjects
Two groups of experiments were conducted: 
in healthy participants and participants with 
type 2 diabetes mellitus. The two groups were 
selected as examples of extremes in glucose tol-
erance status, ie, one group included healthy, 
young individuals with efficient glucose me-
tabolism as opposed to the other group with 
individuals who were older, overweight or 
obese and with severely impaired glucose tol-
erance status. The study took place in 1989 at 
the Diabetes Day Care Unit of St. Michael’s 
Hospital, Toronto, Canada. Subjects were re-
cruited from an existing database of individu-
als interested in participating in nutritional 
research and by advertisement. The group of 
healthy participants included four men and six 
non-pregnant women aged 18-75 years (medi-
an, 28), with a body mass index (BMI) of 24.3 
(range, 22.7-25.9) kg/m2. Individuals with 
BMI>30 kg/m2, known history of kidney dis-
ease, hepatitis, diabetes mellitus, gastrointesti-
nal disease or a heart disease, participants us-
ing medications or fiber supplements, or those 
who could not comply with the experimental 
procedures were excluded. The other group in-
cluded three men and six non-pregnant wom-
en with documented type 2 diabetes mellitus 
of at least 6-month duration without clinically 
manifest complications, aged 18-75 years (me-
dian, 68), with BMI 28.8 (range, 26.4-31.2) 
kg/m2. Individuals with liver or kidney dis-
ease, BMI>30 kg/m2, gastrointestinal prob-
lems, using fiber supplements, or those who 
could not comply with the experimental pro-
cedures were excluded. Six individuals with di-
abetes were taking insulin and three were con-
trolled with oral agents.
The number of participants in this study 
provides a reasonable degree of power and pre-
cision for most purposes of measuring glyce-
mic index (19), which was the primary out-
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come of this study. The study was approved 
by the Human Subjects Review Committee 
of the University of Toronto and written in-
formed consent was obtained from all partici-
pants before the beginning of the study.
Study design
The study used a randomized, controlled, sin-
gle-blind, four-arm crossover design in which 
participants acted as their own controls within 
each group. Subjects in both groups each un-
derwent four treatments on separate days with 
at least three days between consecutive testing 
sessions. On each test day, participants came 
to the Day Care Unit at St Michael’s Hospi-
tal in the morning after a 12-hour overnight 
fast. The volunteers with type 2 diabetes mel-
litus took their normal morning insulin dose 
or oral agents approximately 5-10 minutes be-
fore eating. After being weighed and having a 
fasting blood sample obtained by finger-prick, 
participants consumed a test meal over 10-15 
minutes with 200 or 400 mL tea or coffee con-
taining 30 or 60 mL of 2% butterfat milk, de-
pending on preferences. The type and amount 
of the beverage was kept constant for each par-
ticipant. Further blood samples were obtained 
at 15, 30, 45, 60, and 90 minutes after the 
start of the meal in healthy volunteers and at 
30-minute intervals for three hours in partic-
ipants with diabetes. The difference in timing 
of the blood samples is a reflection of the time 
for the blood glucose levels to return to base-
line in the two populations and is based on the 
typical glycemic index protocol described pre-
viously (2,14). After the last blood sample was 
obtained, the participants were offered a snack 
and then permitted to leave.
Test meals
The test meals consisted of portions of the 
test food (viscous fiber blend biscuit contain-
ing 9.9 g of the viscous fiber blend) or control 
foods containing 50 g available carbohydrate 
(defined as total carbohydrate minus dietary 
fiber). Viscosity of the viscous fiber blend was 
estimated to be 700 poise, as measured with 
a viscometer (Brookfield R.V.T. viscometer; 
DW Brookfield Ltd, Cooksville, Canada) at a 
concentration of 1% and a shear rate of 1/30 
seconds with a spindle type “F.” The total fi-
ber content of viscous fiber blend is 95% (ap-
proximately 70% glucomannan and 30% xan-
than), of which 98% is water soluble. Viscous 
fiber blend is a proprietary fiber blend (Vuk-
san’s US patent 7 326 404), and the prototype 
of the commercially available viscous fiber 
blend called PGX® (PolyGlycopleX, Inovo-
Biologic Inc., Calgary, Canada). The control 
foods included control biscuits, which were 
identical to the test biscuits except that they 
did not contain any viscous fiber blend, stan-
dard white bread plus 11.9 g of margarine, and 
on three occasions standard white bread alone. 
The white bread with 12 g of margarine meal 
was added as a positive control to address the 
possible effect on postprandial glycemia by the 
additional fat in the test cookies compared 
with white bread alone. Test and control bis-
cuits were produced by Dicofarm Spa (Roma, 
Italy). White bread was used for glycemic in-
dex calculations. The bread was prepared in 
a bread maker in the experimental kitchen 
of the nutrition department, such that each 
bread portion contained 66.8 g white flour 
(Monarch all purpose flour, Maple Leaf Mills, 
Toronto, Canada).
The portion sizes were calculated based 
on the results of macronutrient analysis. The 
macronutrient content of the test and control 
foods (Table 1) was determined by standard 
methods (20).
Palatability of each meal was assessed at 30 
minutes using a bi-polar 7 point ordinal scale 
from -3 (unpleasant) to +3 (very desirable), 
with 0 being neutral (21). Therefore, the high-
er the number, the higher is the perceived pal-
atability of the product.
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Blood glucose analysis
Finger-prick blood samples (2-3 drops each) 
were collected into fluoro-citrate tubes. Blood 
was immediately stored at -20°C before analy-
sis. Analysis for glucose was conducted within 
three days from collection by the glucose oxi-
dase method (22) using YSI analyzer model 27 
(Yellow Springs Instruments, Yellow Springs, 
OH, USA).
Statistical analysis
The primary outcome measured was the gly-
cemic index. The glycemic index was calcu-
lated by expressing each participant’s glucose 
incremental area under the curve (AUC) for 
the test food as a percentage of the same par-
ticipant’s average response after reference 
white bread (19). Incremental AUC for blood 
glucose were calculated geometrically using 
the trapezoid rule and ignoring the area be-
neath the baseline. Results are reported as 
mean ± standard error of the mean (SEM) or 
95% confidence intervals (CI). The signifi-
cance of differences was calculated using a 
paired t test within the groups and t test be-
tween the groups. Differences were considered 
significant at P < 0.05. In addition, the GRIP 
of the fiber was calculated for both subject 
groups.
Results
Generally, all test meals were well accepted 
(Figure 1). No differences in palatability be-
tween the types of meals were significant. 
Subjects with diabetes found the viscous fi-
ber blend biscuits more palatable than did the 
healthy individuals (P = 0.002, t test).
No significant differences were found be-
tween mean fasting blood glucose values be-
fore any of the test meals. The average values in 
healthy individuals were 4.4 (95% CI, 4.2-4.6) 
mmol/L for white bread, 4.5 (95% CI, 4.1-4.9) 
mmol/L for viscous fiber blend, 4.4 (95% CI, 
4.0-4.8) mmol/L for control biscuits, 4.4 (95% 
CI, 4.2-4.6) mmol/L for white bread with 12 
g of margarine (P from 0.635 to 0.943). In 
participants with diabetes, the average values 
were 9.8 (95% CI, 8.2-11.4) mmol/L for white 
bread, 10.8 (95% CI, 8.6-13.0) mmol/L for vis-
cous fiber blend, 9.6 (95% CI, 8.0-11.2) mmol/
L for control biscuits, and 10.1 (95% CI, 8.3-
11.9) mmol/L for white bread with 12 g of 
margarine (P from 0.402 to 0.862).
Mean glycemic index values of the viscous 
fiber blend biscuits were 26 (CI, 16-36) and 37 
(CI, 27-47) for healthy participants and par-
ticipants with diabetes, respectively. These val-
ues were significantly lower than for the white 
bread, white bread with 12 g of margarine, and 
control biscuits (P < 0.001, paired t test) both 
in healthy participants and participants with 
Table 1. Weight and macronutrient profiles of test foods
Parameter Control white bread White bread and margarine Control biscuits Viscous fiber blend biscuits
Portion weight (g) 105 116   69   82
Energy (kcal) 237 324 310 315
Total carbohydrate (g)   52.6   52.6   51.8   63.1
Available carbohydrate (g)   50.0   50.0   50.0   50.0
Dietary fiber (g)     2.5     2.5     1.7   11.6
Fat (g)     0.4   10.0   10.2   10.9
Protein (g)     8.3     8.4     4.5     4.3
Figure 1. Palatability of the viscous fiber blend biscuits and control 
meals using a bi-polar 7-point ordinal scale ranging from -3 to +3 (21). 
Data are expressed as mean ± standard error of the mean. *P < 0.05 (t 
test, compared with healthy participants). Closed bars – control white 
bread biscuits; striped bars – control white bread and margarine bis-
cuits, gray bars – control biscuits; open bars – fiber blend biscuits.
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diabetes (Figure 2). The glycemic index of con-
trol biscuits and white bread with 12 g of mar-
garine were not different from white bread 
both in healthy individuals (108 [95% CI, 57-
159] for white bread with 12 g of margarine 
and 101 [95% CI, 44-158] for control biscuits) 
and type 2 diabetes mellitus (103 [95% CI, 79-
127] for white bread with 12 g of margarine 
and 94 [95% CI, 78-110] for control biscuits) 
indicating that fat, at the level found in the bis-
cuits, had no effect on the glycemic response.
The blood glucose response to viscous fi-
ber blend was significantly lower than to white 
bread in both healthy volunteers (Figure 3) 
and participants with diabetes (Figure 4). Dif-
ferences were significant at 30, 45, 60, and 90 
minutes in healthy participants (Figure 3) 
and at 30, 60, 90, 120, 150, and 180 minutes 
in participants with diabetes (Figure 4). There 
were no differences in blood glucose response 
between white bread, white bread with 12 g 
of margarine, and control biscuits in either 
group.
Discussion
Our study demonstrated that the highly vis-
cous fiber blend added to biscuits had 2-fold 
benefits to its consumers. It increased dietary 
fiber intake and reduced glycemic index val-
ue of snack to a similar extent in both healthy 
and diabetic participants. Viscous fiber blend 
reduced the glycemic index by 74% in healthy 
participants and by 63% in participants with 
diabetes, which corresponds to a GRIP of 7.4 
and 6.3 glycemic index units/g of fiber, respec-
tively, compared with white bread control. 
This is a considerably stronger effect on a gram 
basis than has been reported for other soluble 
fibers such as psyllium, glucomannan alone, 
beta-glucan, guar, pectin, and flax (14,23-26). 
These findings are similar to our results from 
another study where GRIP of the novel vis-
cous polysaccharide, PGX®was determined 
when added to white bread. Using the classi-
fication of Brand-Miller (27), the viscous fi-
ber blend enriched biscuits could be classified 
as a “low glycemic index” food (glycemic index 
≤55), while the control biscuits are classified 
as “high glycemic index,” even though they are 
identical in composition except that control 
biscuits do not contain viscous fiber blend.
Figure 2. Glycemic index of the viscous fiber blend (VFB) biscuits 
and control meals in control subjects (closed bars) and patients with 
diabetes (open bars). Data are expressed as mean ± standard error of 
the mean. P value was calculated using paired t test (compared with 
control white bread).
Figure 3. Postprandial blood glucose response to the viscous fiber blend 
(VFB) biscuits and control meals in healthy participants. Data are expressed 
as mean ± standard error of the mean. Rhombs – control white bread; squares 
– control white bread plus margarine; triangles – control biscuits: circles – VFB 
biscuits. *P < 0.05 (compared with control white bread). P value calculated using 
paired t test.
Figure 4. Postprandial blood glucose response to the viscous fiber blend 
(VFB) biscuits and control meals in participants with type 2 diabetes mellitus. 
Data are expressed as mean ± standard error of the mean. Rhombs – control 
white bread; squares – control white bread plus margarine; triangles – control 
biscuits: circles – VFB biscuits. *P < 0.05 (compared to control white bread). 
P value calculated using paired t test.
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The limitation of our study is certainly the 
date the study. The population characteristics 
may have changed since 1989, but the shift 
would have been mainly in the healthy group, 
which may now be heavier and some partici-
pants would perhaps have impaired glucose 
tolerance status. If anything, this would have 
made the groups more similar. The strength of 
the study lies in the fact that the characteris-
tics of the two subjects groups are so different, 
which make the results even more convincing. 
The two subject groups were selected to reflect 
individuals with very different glucose toler-
ance status to assess applicability of the viscous 
fibers blend in different population groups. 
This study, therefore, demonstrates that de-
spite the difference in age, body weight, and 
glucose tolerance status between the two sub-
ject groups, the blood glucose-lowering effect 
was comparable, indicating that the viscous fi-
ber blend enriched snack can be used univer-
sally. Not all studies have reported similarity 
in blood glucose lowering-effect of low glyce-
mic index foods between healthy participants 
and participants with diabetes, but some have 
(28,29). Exaggerated postprandial glycemia 
puts healthy individuals at greater risk of de-
veloping diabetes and cardiovascular disease. 
In large prospective observational studies, 
higher 2-hour postprandial blood glucose pre-
dicted cardiovascular mortality and morbidi-
ty in individuals without diabetes (30). These 
findings imply that the glycemic nature of di-
etary carbohydrates is also relevant for healthy 
participants.
Many clinical studies have evaluated the 
acute effects of supplemental fiber on glycemic 
control (31). Oat beta-glucan, a well recog-
nized cardio-protective food, decreases the gly-
cemic index of different carbohydrate foods in 
type 2 diabetes mellitus on average by 4 glyce-
mic index units per gram of fiber (14), which 
is considerably less than GRIP of 7 per gram 
of viscous fiber blend added in this study. In 
another study, purified glucomannan (1 g), 
taken before performing the oral glucose tol-
erance test (OGTT), has been shown to low-
er the rise of blood glucose from 1 to 2 hours 
by modest 10% in comparison with the place-
bo (25). Enzymatically induced guar gum (5 
g) caused a 20% reduction in a relative glyce-
mic response in 3-hour meal glucose tolerance 
tests in nondiabetic participants (24), and 
peak blood glucose values as well as area under 
the curve were improved by ingestion of flax 
fiber (15 g) in healthy participants (26). How-
ever, not all soluble fibers can affect postpran-
dial glucose. It has been shown that in healthy 
adults, agar and pectin have no impact on the 
postprandial glucose response, although they 
can delay gastric emptying (23).
There is no sufficient information to con-
clude that low-glycemic load diets reduce 
the risk for diabetes, but low-glycemic in-
dex foods that are rich in fiber and other im-
portant nutrients are to be encouraged (8). A 
meta-analysis of randomized controlled tri-
als (4) has shown that choosing low-glycemic 
index foods in place of conventional or high-
glycemic index foods has a clinically useful ef-
fect on medium-term glycemic control in pa-
tients with diabetes, with the incremental 
reduction of glycated proteins by 7.4%, a ben-
efit which is similar to pharmacological agents, 
such as Acarbose. The larger the divergence of 
glucose metabolism from the norm, the larger 
the effect of lower glycemic index and glyce-
mic load interventions (32). A systematic re-
view of cohort studies (33) demonstrated that 
consumption of dietary fiber and grain was in-
versely correlated and glycemic index and gly-
cemic load were positively correlated with the 
incidence of type 2 diabetes mellitus. Further-
more, it has been shown that a low-glycemic 
index diet can alter beta cell function, lipid 
profile, and hypercoagulability (34). In addi-
tion, low glycemic meals can promote a post-
prandial metabolic milieu that is favorable for 
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reduced food consumption, which may be ad-
vantageous in the control of obesity and insu-
lin resistance (35).
Among the various classes of processed 
starchy foods, wheat-based products exhibit 
a wide range of glycemic and insulinemic re-
sponses. Garsetti et al (36) showed that the 
glycemic index and insulinemic index of plain 
sweet biscuits were correlated with in vitro 
starch digestibility and are dependent on the 
type of processing. However, it has also been 
shown that it is not the processing but rath-
er the addition of fiber that has an evident ef-
fect on the glycemic index of biscuits (37). The 
processing techniques used to manufacture 
the biscuits for our study did not have a signif-
icant effect on their glycemic response, as indi-
cated by the similar glycemic index values for 
bread with margarine and the control biscuits. 
Thus, processing was unlikely to contribute to 
the low glycemic responses of the viscous fiber 
blend enriched biscuits, as shown by some oth-
er authors (38).
Soluble dietary fibers have been shown 
to alter food texture, structure, and viscos-
ity, and, therefore, the rate of starch degrada-
tion and digestion (39), which is related to the 
regulation of postprandial glucose levels. It 
has been shown that viscous fibers, as a result 
of their rheological properties, or high viscosi-
ty, form a gel with the food and human digesta 
and consequently reduce peaks in postprandial 
plasma glucose concentrations in both healthy 
and diabetic participants, in positive relation 
to their level of viscosity (15,16,40,41). Insol-
uble fibers, such as cellulose and wheat bran, 
have little effect (42). Viscous fiber exerts its 
effect by delaying digestion and absorption of 
glucose to the blood (43). In addition, the rate 
of diffusion of glucose from glucose/fiber mix-
tures in vitro is proportional to the viscosity of 
the fiber solution (13). Thus, it is to be expect-
ed that fibers in a higher-viscosity blend would 
have a marked blood glucose-lowering effect.
Dietary fat has been shown to reduce post-
prandial glycemia; this effect has been sug-
gested to be due to either delayed gastric emp-
tying (43) or the “ileal brake” mechanism 
(44). However, the amount of fat required to 
achieve reduced gastrointestinal motility is 
large, approximately 50% of calories or more. 
As the fat content of the biscuits was less than 
that, fat is unlikely to have contributed to 
the low glycemic response of the viscous fiber 
blend-enriched biscuits. This is confirmed by 
the lack of differences between the glycemic 
response to white bread and to white bread 
with 12 g of margarine or the control biscuits. 
Thus, it is likely that the low glycemic index of 
the viscous fiber blend biscuits was due to the 
formation of a complex physical link between 
starch and viscous fiber blend added (45).
Current dietary recommendations for type 
2 diabetes mellitus (8) emphasize increasing 
the carbohydrate content of the diet to 50% 
of energy, dietary fiber to over 25 g/d, and re-
ducing fat to 30%. It is also recognized that su-
crose, in moderate amounts, is not necessarily 
contraindicated. The viscous fiber blend bis-
cuits, with a fat content of 30% and 10 g of 
viscous dietary fiber are, therefore, in line with 
these recommendations. In view of their mod-
erate fat content and very low glycemic re-
sponse, they may be used to replace fiber de-
pleted high fat snack foods.
Since the postprandial glucose is an inde-
pendent risk factor of cardiovascular disease, 
snack foods containing viscous fiber blend, 
which is able to reduce the magnitude of post-
prandial glucose rise, and at the same time is 
rich in dietary fiber, may be helpful in reduc-
ing the risk of cardiovascular disease. We have 
previously shown that viscous fiber blend add-
ed to conventional treatment may ameliorate 
blood lipid profile, long-term glycemic con-
trol, and systolic blood pressure in high-risk 
diabetic individuals, possibly improving the ef-
fectiveness of conventional treatment in type 2 
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diabetes mellitus (17). A diet rich in viscous fi-
ber blend also improved lipid profile and long-
term glycemic control in the insulin resistance 
syndrome, suggesting its therapeutic potential 
(18).
The emphasis on the importance of fibers 
in the diet is pressuring food companies to de-
velop fiber-enriched products. However, add-
ing considerable amounts of fiber to a food is 
sometimes associated with reduction of palat-
ability (46) and the challenge to the food in-
dustry is to accomplish this goal without sac-
rificing the organoleptic appeal. No significant 
change in palatability of the viscous fiber blend 
biscuits was observed in our study between the 
types of biscuits. Interestingly, participants 
with diabetes found the biscuits with viscous 
fiber blend more palatable than did healthy in-
dividuals. This may have been, however, a re-
flection of the 20-year age difference between 
the two groups with the older, diabetic indi-
viduals, giving generally higher scores. Never-
theless, the acceptability of the product points 
toward the possibility of developing viscous fi-
ber blend-enriched products tailored specifi-
cally for people with diabetes.
While the small sample size and the acute 
nature of the study limit the generalizability 
of the results, future research with an expand-
ed sample size and the inclusion of overweight 
and obese participants, focusing on examin-
ing the caloric intake and satiety subsequent 
to meals containing viscous fiber blend, could 
yield important new insights into preventive 
dietary strategies.
In conclusion, viscous fiber blend is a po-
tent soluble fiber which is able to reduce the 
glycemic response in both healthy individu-
als and participants with type 2 diabetes mel-
litus. The fat content of the viscous fiber blend 
biscuits is below 30%, which complies with 
the level currently recommended for the di-
ets of patients with diabetes. In view of their 
very flat glycemic responses, these biscuits and 
possibly other products fortified with viscous 
fiber blend, may have an advantage in replac-
ing other snack foods in the diet of individu-
als with type 2 diabetes mellitus. Finally, foods 
enriched with viscous fiber blend may also be 
a useful addition to other strategies aimed to 
prevent development of disease in the healthy 
population.
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